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; accepted February 20, 1993) Abstract. 2014 We present various in situ TEM experiments performed for phase transition studies. Such original experiments require original stages that are presented before each discussion. The first part concern TEM studies of ferroic domain switches carried out on ferromagnetic and ferroelectric/ferroelastic compounds. Then we present in situ TEM experiments carried out on the tetragonalorthorhombic structural phase transition in YBa2Cu3O6+x under a controlled oxygen pressure. The last part of the paper deals with the incommensurate phase of Quartz. We present TEM experiments concerning the triple-q to single-q phase transition that have been performed using an heating straining stage and other original results evidencing the ferroelectric properties of the incommensurate phase.
Microsc. Microanal. Microstmct. 4 (1993) (Fig. 3a) , the other to the displacement Ll of the segment RS of a 180° Dw (Fig. 3b) . The run of Ha during the cycles is reported in figure 2c . The 90° Dw interacts directly with the grain boundary. We have also studied the behaviour of the area "a" of the closure domain built on the grain boundary (Fig. 3c ). The two loops show similar features presenting a non symmetrical shape, a low remanent magnetization and quite similar values of the local thin foil coercivity "hc" (N 1.7 Oe). For the negative branch (Ha decreasing from 0 to -2.8 Oe) inverse jumps can be observed corresponding to the interaction with other Dw's.
The higher hysteresis losses due to the 90° Dw (the average values of the increments of Ll and L2 are respectively 0.139 ¡Lm and 0.487 film) can be explained considering that the direction of Ha is more favorable (1.4 time more important) for the motion of the PQR magnetic wall than for the RS one. So the direction of the motion of the 90° Dw is roughly parallel to the grain boundary, giving quite large jumps. The 180° Dw does not only move in a parallel direction with the grain boundary but also perpendicularly to it, it then interacts much more with the smooth force fields of the defects inside the grains. The variations of "a" during the loop which are more similar to those of L2 than of Ll confirm our hypothesis (cf Figs. 3a and 3c). values of Ha of a "white" 180° Dw inside a surstructure of the B2 type, are presented in figure 2d . As figure 4 . The samples are 3 mm diameter discs that have been mechanical polished until a 300 jum thickness has been reached. The final thinning for the electron transparency was achieved by argon ion milling. The whole "sandwiches" (the sample and the electrodes) is glued using an insulator ceramic paste. The thermocouple threads of the original heating sample holder have been replaced: one is soldered on the crucible and the other one on the upper copper aperture. This allows the polarization of the sample through the two copper electrodes. The sample could be heating by tailoring the current intensity in a thermal resistor. The effects of the electric field have to be observed near the edge of the central hole of the electrodes where the electric field presents a small curvature (see Fig. 4 ). [6] . The micrograph figure 6c has been obtained after having increasing the electric field until the stabilization of one monodomain then decreasing down to -2 KV/cm. A regular arrangement of ferroelectric domains 0.2 aim in size is observed and should be more stable since it still occurs'for the same absolute value of the electric field than in the situation in figure 6a.
3. TEM studies of phase transitions under gas pressure.
3.1 EXPERIMENTAL. -An environmental cell available on a 3 MV TEM has been realized in our laboratory [7] . It 3.2 YBa2Cu3O6+x. 2013 As it is now well known, the YBa2Cu306+x type compounds crystallize in the orthorhombic or in the tetragonal system depending on the value of the oxygen content i.e. when x is close to 0 the compound is in the tetragonal phase while the orthorhombic phase is obtained for x close to 1. A compound in the orthorhombic phase undergoes a structural phase transition and becomes tetragonal when it is heated above a certain temperature. If the compound is cooled down under an oxygen flow, the sample increases its oxygen content and crystallizes again in the orthorhombic phase. This reversible structural transition has already been studied by X ray or electron diffraction [8, 9] . Depending on the material, the temperature of the phase transition lies around 600-700 ° C. When looking at the structure of these compounds the phase transition results from the loss of the oxygen atoms lying in the CuO planes. It has been shown that the presence of these atoms is essential for the occurrence of a super-normal transition. In these compounds, the superconductivity appears under 92 K for x &#x3E; 0.62 i.e. in the orthorhombic phase.
The structural phase transition has been studied on a compound, (Ln)Ba2Cu3Cu306+:c, which is isostructural with YBa2Cu3O6+x, but presents better morphological characteristics as bigger grains with cleam grain boundaries and a narrow superconducting transition [10] .
The orthorhombic phase is ferroelastic and then characterized by the presence of domains due to multiple twinning that occurs during the tetragonal-orthorhombic transition. The presence or the absence of twins, easily recognizable in electron microscopy image mode, gives therefore a useful indication on the nature of the observed phase (orthorhombic or tetragonal respectively) [9, 11] . figure 9 , indicates the existence of an optimum temperature of annealing under oxygen in these compounds. [11] . We only report here the main results. Chemisorption at the surface, diffusion in the lattice and fixation on particular sites (0(4)) are the different mechanisms involved in the oxygen absorption and desorption phenomena. Depending on the thermodynamical conditions, one of these mechanisms can prevail over the others. The aspect of the graphs figure 8 and in region 1 of figure 9 shows that the determining mechanism is thermically activated. It can therefore be thought that the diffusion of oxygen in the lattice governs the kinetics of oxygen desorption and oxygen absorption in the region 1 of figure 9 . In region II the chemisorption can be restrained at high temperatures so that the capture of oxygen by the lattice becomes more difficult i.e. the thermal excitation may prevent oxygen atoms from fixing on a preferential site. At higher temperatures the time required for the transition to occur becomes infinite since only the tetragonal phase is stable. 4 . TEM studies of the incommensurate phase of quartz.
4.1 INTRODUCTION. -Quartz displays an incommensurate phase at the 0:-{3 phase transition around 850 K [12] [13] [14] [15] [16] [17] that has been successfully explained by Aslanyan and Levanyuk [18] using the Landau theory of phase transition. This modulated phase is a triple-q modulation, the modulation star is composed of three equal length vectors at 120° from each other and tilted by an angle iL (/? from the y-directions as evidenced by different experiments leaded in the real space [12] [13] [14] and in the reciprocal one [15] [16] [17] . The two equivalent values +(/? and 2013(/? of wave vector star angle induce the presence of "::f::p macrodomains". Recently Dolino et al. [19] have shown that the an uniaxial stress induces a phase transition in the incommensurate phase of Quartz from a triple-q modulated phase to a single-q one. Theoretical investigations of Vallade and Walker have suggested that those blocks should exhibit antiparallel polarization along the c axis [20] . The incommensurate phase of Quartz should then be ferroelectric while neither the 0: nor the {3 phase are. We have then performed experiments on this modulated phase at high temperature, under stress and under the application of an external electric field. figure 10 . These blocks correspond each to the other by a ( 180° + 2(/?) rotation around c axis. The different sizes of the equilateral black and white triangles correspond to the different values of the wave vectors depending on temperature. All the characteristics of this 3-q phase deduced from such electron micrographs are consistent with the results obtained from X-ray, neutron or -y diffraction [15] [16] [17] . 4 figure 10 , a large domain of the incommensurate phase is visible. Stress direction is reported in the figure and slightly deviates from the x direction. On the right side of the micrograph fringes parallel to the x direction can be observed. They exhibit a periodicity of 20 nm and correspond to the strip phase with a wave vector parallel to the [100] direction. The contrasts at the center of the figure are quite different from the regular equilateral triangle images observed on the 3 -q phase in figure 9 . Nevertheless the 120° angle between the three directions of the modulation indicates the triple-q state. Moreover the presence of the two ":r:.p macrodomains" that can be seen in the center of this micrograph proves the tripleq state of the incommensurate phase. Indeed these domains are only allowed on the triple-q state when it is not on 1-q state. To account for the contrasts observed in the center of figure 11 , changes occurring in the wave vectors have been envisaged. We have used a model proposed by Vallade et al. [23] about the evolution of the wave vector star in the small stress limits. Calculated images using six satellites at +qi, -qi displaced following their model are presented in [24] and agree quite well with our experimental results. Another important feature of this micrograph can be observed on the elongated triangle-like structure on the left side of the micrograph in figure 11 . Such contrasts can be fitted considering an interference phenomenon between the main reflection and two satellites tilted by an angle po from the y direction. We figure 12 is a dark field image 110 of the incommensurate phase poled under an external electric field of 4 kV/cm parallel to the c axis. As in figure 10 domains are clearly observed but are now more numerous: ±~ macrodomains still appear and are labelled +B+ and -B -. Moreover two more kinds of block appear. They are labelled +B-and -B+ and respectively correspond to +B+ and -B-by a two fold rotation around c. Some block boundaries are pointed out by arrows. Theoretical assumptions of Janovec and Saint Gregoire [25, 26] forecast the existence of these four types of blocks. Without electric field +B+ and -B-are the stable blocks which present antiparallel polarization along c as they are observed figure 10 while +B-and -B+ are unstable. With the application of an positive external E. field along z. +B+ stay stable +B-and -B+ become metastable and -B-unstable. The micrograph in figure 12 confirms the existence of the four different blocks it agrees with their assumptions about the polarization of the different blocks and evidences the ferroelectric properties of the incommensurate phase of Quartz.
Conclusion.
We have shown that in situ TEM experiments which is relevant for plasticity and irradiation studies is also efficient for phase transition studies. We have illustrated it and presented various TEM 
